Background: There has been a resurgence of tuberculosis worldwide, mainly in developing countries but also affecting the United Kingdom (UK), and other Western countries. The control of tuberculosis is dependent on early identification of cases and timely notification to public health departments to ensure appropriate treatment of cases and screening of contacts. Tuberculosis is compulsorily notifiable in the UK, and the doctor making or suspecting the diagnosis is legally responsible for notification. There is evidence of under-reporting of tuberculosis. This has implications for the control of tuberculosis as a disproportionate number of people who become infected are the most vulnerable in society, and are less likely to be identified and notified to the public health system. These include the poor, the homeless, refugees and ethnic minorities.
needs to be strengthened to include education and training of all sub-specialities involved in diagnosis and treatment of tuberculosis.
Background
Tuberculosis is the commonest infective disease in adults world-wide [1] with an estimated 7-8 million new cases and 2-3 million deaths occurring annually in the world [2] . The World Health Organisation (WHO) declared tuberculosis a global Emergency in 1993 because of the worldwide increase in incidence of the disease [3] . The control of tuberculosis is dependent on early identification of cases and timely notification to public health departments to ensure appropriate treatment of cases and contacts. Appropriate antimicrobial chemotherapy reduces infectivity within two weeks.
Surveillance is an important public health function in the prevention and control of diseases. Accurate, complete and timely information improves the quality of surveillance data and supports public health decision-making [4, 5] . Prompt notification to the public health system is an important component of the surveillance process and achieves the following public health objectives: it identifies people needing follow-up to ensure that treatment is completed, and enables contact tracing and screening of close contacts. It also provides data to measure disease burden, monitor epidemiological trends, detect outbreaks, and plan and target preventative and treatment services.
There is strong evidence that there is under-notification of tuberculosis [6] [7] [8] . Cases not notified to the public health system have a higher risk of morbidity and mortality and an increased risk of multi-drug resistant tuberculosis (MDRTB) as the result of sub-optimal treatment [9, 10] . Contacts of unnotified cases are also at risk if they are not screened and treated appropriately for active or latent disease.
Undernotification also leads to an underestimation of the disease burden. This hinders implementation of appropriate prevention and control strategies as a disproportionate number of people who become infected are the most vulnerable in society, and are also groups less likely to be notified. These include the poor, the homeless, refugees and ethnic minorities [11, 12] .
The advent of AIDS and re-emergence of tuberculosis prompted the strengthening of surveillance networks in the UK to detect, control, and reduce these diseases. Tuberculosis is compulsorily notifiable under the Public Health (Control of Disease) Act 1984 and Public Health (Infectious Diseases) Regulation of 1988 [13, 14] . The doctor making or suspecting the diagnosis is legally responsible for notification to the local "proper officer" forthwith about any patient within the local authority whom they are attending and is known or suspected of to be suffering from tuberculosis. This includes notification of both respiratory and non-respiratory forms of tuberculosis, and those cases where a decision is made to commence treatment. The proper officer should be informed of the name, age, sex and address of the premise where patient resides. The proper officer who receives the certificates should inform the appropriate Health Authority within 48 hours [15, 16] . The proper officer is legally obliged to report to the Communicable Disease Surveillance Centre (CDSC) weekly totals of infections, followed by a monthly summary sheet. This data is entered into the Statutory Notification of Infectious Diseases (NOIDS) Database.
Several studies have evaluated the completeness of tuberculosis notification over a defined period and within particular geographical areas [17] [18] [19] [20] [21] . Undercount is a problem because the number of cases missed is not known. By using multiple data sources and capture-recapture (CR) methodology the number of cases that could have been missed by any of the sources is estimated [22] [23] [24] . CR merges two or more sources that have identifiers like name, hospital number and date of birth. Each source list is then used as a "trapping sample", and the identifiers are used to match and link cases between data sources. Using overlap information and statistical techniques the number of cases present in the population but not identified in any of the data sets is estimated. CR is also referred to as underascertainment corrected method [25] . This estimate is more accurate and provides robust baseline data for future comparisons.
This study was part of a larger study to evaluate the undernotification of tuberculosis in the London borough of Brent.
Aim
To describe completeness of tuberculosis notification in the UK based on previous evaluation findings.
Objective
To identify data sources that may augment provider-based tuberculosis notification and to make recommendations to improve the tuberculosis notification system. Several query combinations were used using the MeSH terms. A secondary search was conducted by reviewing references quoted in these papers. A manual search of review articles, editorials, and relevant Government Papers was undertaken. Studies were included if they were undertaken in a UK NHS context, assessed completeness of tuberculosis notification quantitatively, and if they evaluated completeness of tuberculosis notification by comparing the number of reports obtained through statutory or conventional reporting systems with the total number of reports estimated through one or more additional data sources. Studies were rejected if they were limited to notification of HIV co-infection or limited to assessing the quality of notification data.
Methods

Search Methodology
Outcome Measures
The outcome measure used was notification completeness expressed between 0% and 100% of a defined denominator, or in numbers not notified where the denominator was unknown.
Results
Results of Search
Seven studies that met the inclusion and exclusion criteria were identified through electronic and manual searches [17, 18, 22, [26] [27] [28] [29] . One of the seven studies was identified which used CR [22] .
Framework for Critical Appraisal
A framework to critically appraise the selected articles was devised by using the updated guidelines from the CDC for Evaluating Public Health Surveillance Systems [30] and adapting the format used by Doyle et al [25] .
Information obtained from each study is shown in Box 1 -Additional file: 1. Descriptions of each study and author details are recorded in the first column. The supplemental data sources used for case ascertainment are noted in column two. The number of cases ascertained by each data source was not included, as cases would be identified by more than one data source. The third column records the number (%) notified to the statutory reporting system. In order to define a notification rate both a numerator and denominator are required. The numerator is the number of cases that are notified and the denominator is the total number of cases ascertained through use of supplemental data sources. A rate may be over or under-estimated for example if the denominator were artificially small or large because the numerator and denominator are not drawn from the same source.
The penultimate column represents the study authors' comments and recommendations. The strengths and limitations of the data quality are discussed in the last column. Verification of diagnosis by examining case notes and pathology reports improved the quality of the data. Better estimates of notification were obtained when the statutory notifications and supplementary data sources covered the same catchment area and same time periods. Using data sources that included patients treated in hospitals and in the community would have increased case ascertainment.
Information was also abstracted on whether cases were matched and linked between the data sources. This would have facilitated the use of capture-recapture (CR) methodology.
All seven studies were graded as Level IV evidence [31] .
Summary of main findings
Analysis of the seven studies showed that notification of tuberculosis in the UK is incomplete, although it is a statutory requirement. Undernotification varied from 7% to 27% in studies that had a denominator, and 38-49% of extra cases were identified that were not notified in studies which looked at specific data sources like pathology reports and prescriptions for anti-tuberculosis drugs. No single data source was found to measure the burden of tuberculosis effectively. Cases notified were more likely to have had positive microbiology than cases not notified which were more likely to have had positive histopathology or had been surgical in-patients. Using multiple data sources including prescription data (dispensing of two or more anti-tuberculosis drugs) increased case ascertainment. However cases treated for chemoprophylaxis need to be excluded when using prescription data. Only one study was population based [29] .
Use of CR can correct for undetected cases and provides a better estimate of undernotification. Two studies [18, 27] which matched and linked identifiers between the data sources could have used CR but did not, while one study [29] could not use this method because the principles of CR were violated, as stated in Box 1.
The main issues with these studies were:
• Accuracy of diagnosis was not verified in all studies. Verification was increased when case notes were matched with microbiological or histopathological reports
• Lack of clarification whether statutory notification and supplemental data sources covered the same catchment area might have compromised the undernotification estimate
• Ascertainment of cases was limited mainly to hospital patients although patients are treated at other settings. This missed patients treated in primary care, and those that are more likely not to be notified e.g. those treated out of the borough, mobile and disadvantaged groups (homeless and undocumented persons).
Discussion and Conclusions
The review identified gaps in information on evaluation of completeness of tuberculosis notification within the NHS context. I identified no previous review of studies on completeness of tuberculosis notification, although evidence based methods are now standard tools to assess the effectiveness of health care interventions, including public health surveillance systems [32, 33] ,. Also, tuberculosis is a well-researched clinical topic and a national and global public health problem. Reasons for this include the lack of accepted frameworks for appraising research into public health interventions and the difficulties in using established methods [33] . The basic tenets of evidence-based methods require criteria that can be used to evaluate the strengths, limitations and gaps in studies; and to determine whether they provide credible and useful information.
The body of evidence has shown that that there is undernotification of tuberculosis and an underestimation of the burden of disease. Evaluation of completeness of notification misses cases that are less likely to be notified, like the homeless and mobile populations who are more likely to require targeted services to improve prevention and control of tuberculosis. Also, correction for undercount using CR is now an accepted method in human epidemiology [34] . Using multiple data sources and CR methodology allows for variables that can influence reporting patterns for the different sources [24, 35] . Only one study [22] used this method.
Notwithstanding the limitations discussed, this review identified data sources that are potentially good sources of surveillance information and the NHS should routinely access these data sources to improve tuberculosis surveillance and case finding.
In the light of the findings, the following recommendations are made to increase the notification of tuberculosis and to "capture" disadvantaged groups:
• The reporting from all sub-specialities involved in tuberculosis investigation and treatment should be centralised and co-ordinated by the local Consultant in Communicable Disease Control
• Histological specimens should be collected separately for mycobacterium culture to increase accuracy of diagnosis. Surgeons should be trained on collection of such specimens and educated about the importance of notification of infectious diseases
• Anti-tuberculosis prescriptions should be collated when anti-tuberculosis drugs are dispensed and notification by pharmacists should be explored
• Further research is required to identify the minimum data sources required to evaluate tuberculosis notification using CR, and on statistical techniques to correct for interdependence between data sources. Figures based on undernotification alone may underestimate the level of disease burden, and through variations in notification patterns can also distort observed trends.
